Structural differences in the so-called M polymorphs of AgNbO 3 were analyzed using combined highresolution x-ray diffraction, neutron total scattering, electron diffraction, and x-ray absorption fine-structure measurements. These polymorphs all crystallize with Pbcm symmetry and lattice parameters ͱ2a c ϫ ͱ 2a c ϫ 4a c ͑where a c Ϸ 4 Å corresponds to the lattice parameter of an ideal cubic perovskite͒ which are determined by a complex octahedral tilt system
I. INTRODUCTION
AgTa x Nb 1−x O 3 perovskite solid solutions exhibit a rare combination of high but temperature stable dielectric constants and modest dielectric losses which renders them attractive candidates for high-frequency capacitors. 1, 2 Despite the technological importance of these materials, the structural origin of their high dielectric constants remains uncertain. Moreover, even the details of the crystal structures and phase transitions among the polymorphs of the endcompound AgNbO 3 remain a subject of debate.
At room temperature, AgNbO 3 crystallizes with a perovskite-related structure 3 that exhibits orthorhombic symmetry ͑Pbcm͒ and lattice parameters ͱ2a c ϫ ͱ 2a c ϫ 4a c ͑a c Ϸ 4 Å corresponds to an ideal cubic perovskite͒. This superstructure ͑Fig. 1͒ features a so-called compound tilting of ͓NbO 6 ͔ octahedra described in Glazer's notation 4 as
A sequence of two in-phase and two antiphase octahedral rotations about the c axis yields a 4a c periodicity with the two crystallographically distinct Ag sites, Ag1 and Ag2. In addition to tilting, the AgNbO 3 structure exhibits concerted off-center Ag and Nb displacements that adopt the symmetry of the tilted octahedral framework ͑Fig. 2͒. The Nb and Ag1 displacements are directed preferentially along the b axis whereas the Ag2 displacements occur parallel to the a axis. Similar octahedral-tilting and cation displacements are encountered in NaNbO 3 ͑Refs. 5 and 6͒ and Ca 1−x Sr x TiO 3 ͑x = 0.59-0.65͒. 7, 8 Upon heating, AgNbO 3 has been reported to undergo a series of at least five reversible structural phase transitions ͑Fig. 3͒ that involve different types of octahedral rotations and cation displacements. [9] [10] [11] The transitions M 3 ↔ O, O ↔ T, and T ↔ C arise from octahedral-tilting instabilities and as such are considered to be well understood ͑Fig. 3͒. In contrast, the transitions among the M phases have been attributed to cation displacements; however, their exact nature has not been clarified. The transition of most practical and fundamental interest is the M 2 ↔ M 3 , which is manifested by a diffuse maximum in the temperature dependence of dielectric constant. 1 Studies using dielectric spectroscopy have attributed this peak to a submillimeter Nb relaxational mode. 12, 13 In AgNb 1−x Ta x O 3 solid solutions, the M 2 ↔ M 3 transition temperature decreases with increasing Ta content so that for x = 1 2 the maximum of dielectric constant occurs in the exploitable room-temperature range.
1,2
The M 2 ↔ M 3 diffuse transition reportedly causes an abrupt splitting of the 004 c reflections in x-ray diffraction patterns below the transition temperature. [9] [10] [11] Yet, recent structural refinements of AgNbO 3 using powder neutrondiffraction data 11 revealed no changes in the average symmetry ͑Pbcm͒ across the transition, which suggests that the structural changes are subtle and may involve correlations among atomic displacements over a limited spatial scale.
In the present study, we combined x-ray and neutron powder diffraction ͑including total neutron scattering͒, extended x-ray absorption fine-structure ͑EXAFS͒ measurements, and transmission electron microscopy to elucidate the nature of the structural changes in the so-called M-phase polymorphs of AgNbO 3 .
II. EXPERIMENT
AgNbO 3 samples were prepared using conventional solidstate synthesis by heating a mixture of Ag 2 O ͑c. p. grade͒ and Nb 2 O 5 ͑99.9985%͒ at 850°C for 5 h under flowing oxygen. The mixture contained a 3 wt % ͑Ref. 14͒ excess of Ag 2 O to compensate for a loss of Ag during thermal exposure. Samples were mixed under acetone using an agate mortar and pestle for 20 min, dried, and pressed into a pellet. For synthesis, the pellet was placed on a bed of sacrificial powder on Pt foil and covered with a ZrO 2 crucible. A separate Pt container filled with Ag 2 O powder was placed inside this crucible next to the sample to provide a silver-rich atmosphere. The resulting bright-yellow powder contained phasepure AgNbO 3 , as confirmed by x-ray diffraction.
X-ray diffraction patterns for assessment of sample purity and for Rietveld refinements were collected using a highresolution powder diffractometer equipped with a Ge incident-beam monochromator ͑Cu K␣ 1 radiation͒ and a linear position sensitive detector. Variable-temperature x-ray diffraction measurements were conducted on the 33-BM beamline at the Advanced Photon Source. One set of experiments was performed on selected reflections using an analyzer crystal in the diffracted beam path. For these experiments, the sample powder was dispersed in ethanol and deposited on a thin ͑15 m͒ Al foil which was mounted on the Linkam heating stage. Data were collected in transmission using an incident x-ray beam energy of 20 keV; the stage was rocked with an amplitude of Ϯ0.5°to improve powder averaging. Diffraction patterns for Rietveld refinements were collected using the same diffractometer but without an analyzer crystal. For these measurements, the sample was packed in a 0.5 mm quartz capillary and mounted in a custom high-temperature furnace. The diffraction patterns were collected in transmission at an energy of 17 keV ͑ = 0.7388 Å͒ up to Q =8 Å −1 . The capillary was spun during data collection. The raw data were corrected for absorption and analyzed using the GSAS software package. 15 Variable-temperature Nb and Ag K-edge EXAFS measurements were conducted at the NIST X23A2 beamline of the National Synchrotron Light Source. The double-crystal monochromator was operated with a pair of Si ͑311͒ crystals. Data were collected in transmission using the same Linkam temperature stage and sample mounting as described for the x-ray diffraction experiments. Three spectra were collected at each temperature. For several temperatures, the spectra were first collected on heating and then recollected on cooling; the data proved to be highly reproducible. All spectra were processed using the Athena code. 16 Local-structure models were refined by fitting the EXAFS signal calculated with the FEFF8.20 code 17 to the experimental data. A selfconsistent potential was used in the FEFF calculations. The fitting was accomplished using the ARTEMIS software. 16 The Nb and Ag data were fitted simultaneously to reduce the number of independent structural variables.
Transmission electron microscopy ͑TEM͒ was performed at 200 kV. TEM samples were prepared both by dispersing the powder on lacey carbon-coated copper grids and by mechanical polishing of sintered ͑at 900°C͒ pellets followed by ion-thinning until perforation. Ion thinning was accomplished in a Precision Ion Polishing System ͑PIPS͒ using an Ar ion-beam energy of 4 kV and an incident-beam angle of 4.5°; these relatively mild ion-thinning conditions were necessary to prevent precipitation of metallic Ag in the sample.
Variable-temperature neutron-diffraction measurements were conducted on the NPDF diffractometer at the Lujan Neutron Scattering Center ͑Los Alamos National Laboratory͒ and on the GEM diffractometer at ISIS ͑Rutherford 
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Layer I Layer II Layer III Layer IV FIG. 2. ͑Color online͒ Schematics of the Nb ͑a͒ and Ag ͑b͒ displacements in the successive c layers ͑I, II, III, and IV͒ within the Pbcm structure ͑Fig. 1͒. The displacement directions are indicated using arrows. Appleton Laboratory͒. In both cases, the sample powder was loaded in vanadium containers. Temperature control was achieved using either a closed-cycle refrigerator ͑NPDF͒ or a high-temperature furnace ͑GEM͒. High neutron absorption by Ag ͑absorption cross section 63.3 b͒ complicated the structural refinements of AgNbO 3 , limiting the accuracy of the atomic displacement parameters ͑ADP͒. The problem is also significant for the analyses of atomic pair-distribution functions ͑PDF͒ because large absorption corrections affect background subtraction and normalization of the total scattering data. Rietveld reciprocal-space refinements using absorption-corrected data collected at similar temperatures on the NPDF and GEM instruments yielded comparable ͑Ϯ2 e.s.d.-estimated standard deviation͒ values for all structural parameters. Here, we present only the refinements obtained using the GEM diffractometer because more temperatures were sampled during that experiment. For the PDF analyses, the NDPF data were preferred because the NPDF setup enabled a more robust background subtraction for the highly absorbing sample. Raw total scattering data were processed using the PDFGETN software to extract the PDF. A Q max =35 Å −1 was used in the Fourier transform. The PDF-GUI ͑Ref. 18͒ and RMCPROFILE ͑Ref. 19͒ software packages were used for local-structure refinements.
The transition temperatures identified by the different techniques varied somewhat ͑Ϯ10°C͒ because of the instrumental differences in the sample-heating systems. Therefore, all temperatures reported in this work are considered to be approximate ͑Ϯ10°C͒.
III. RESULTS

A. Room-temperature structure
Room-temperature x-ray, neutron, and electron-diffraction patterns of AgNbO 3 can be readily accounted for by the previously reported 40-atom unit cell having lattice parameters a = 5.55358͑4͒ Å, b = 5.60858͑4͒ Å, c = 16.6540͑1͒ Å ͑x-ray diffraction data͒. Our Rietveld refinements using both neutron and x-ray diffraction data confirmed the Pbcm structure ͑Fig. 4͒. Neutron refinements yielded typical ADP values for all sites except the most symmetric Ag2 and O5 positions which acquired abnormally large U 22 components ͑Tables I and II; Fig. 5͒ . Refinements using x-ray diffraction also corroborated large U 22 values for Ag2. Apparently, both the Ag2 and O5 sites exhibit displacive disorder along the b axis. Since these atoms reside in the same c planes and are nearest neighbors, their local displacements are expected to be correlated. The Ag2 cations appear to be unstable in the ͑3+6+3͒ coordination imposed by the local ͑a − b − b − ͒-like tilting and are displaced toward the O5 atoms to acquire a Ϸ͓͑3+1͒ +5+3͔ distribution of the Ag-O distances, as is observed for the Ag1 sites.
Electron-diffraction patterns ͑Fig. 6͒ displayed sharp superlattice reflections associated with octahedral-tilting and cation displacements; the reflection conditions were consistent with space group Pbcm. Additionally, electron diffraction revealed pronounced diffuse scattering concentrated on the ͑00l͒ c reciprocal-lattice planes ͑relplanes͒ passing through all fundamental reflections perpendicular to the c axis ͑Fig. 7͒. Some detectable but substantially weaker diffuse intensity was also observed on the ͑h00͒ c and ͑0k0͒ c relplanes perpendicular to the a and b axis, respectively. The diffuse scattering was extinct for the ͕00l͖ c relplanes passing through the origin. Similar diffuse scattering has been reported for several perovskite systems, 20, 21 including orthorhombic BaTiO 3 and KNbO 3 , where it was attributed to correlated B-cation displacements within linear -B-B-B-͓001͔ c chains. The correlated displacement components within each chain ͑Fig. 8͒ must be parallel to the chain direction to account for the extinction of diffuse scattering through the origin. 21, 22 A continuous distribution of diffuse intensity within the relplanes indicates the absence of transverse interchain correlations. Superposition of the average ͓110͔ c and local ͓001͔ c displacements is consistent with the assumption that the Nb cations are disordered among the two sites displaced approximately along the ͓111͔ c and ͓111͔ c directions ͑Fig. 8͒, as observed indeed for the orthorhombic forms of BaTiO 3 and KNbO 3 . 20 This interpretation of the electrondiffraction data for AgNbO 3 is supported by our PDF and EXAFS measurements, as described below.
The atomic pair-distribution function for AgNbO 3 obtained from total neutron scattering displays a well-resolved double peak for the Nb-O nearest-neighbor distances, R 1 and R 2 , instead of a single broad peak expected for the average structure ͓Figs. 9͑a͒ and 9͑b͔͒. The experimental Nb-O dis- The area ratio for these two peaks is 3.3/2.7 which is consistent with local Nb displacements approximately along the ͗111͘ c directions. In contrast, the PDF simulated for the average-structure model obtained from conventional Rietveld refinements features a single broad Nb-O peak at R Ϸ 2 Å ͓Fig. 9͑b͔͒. Real-space refinements over a local distance range could reproduce the double-peak Nb-O distribution ͓Fig. 9͑c͔͒ but only by modifying the anisotropy of the Nb ADP to yield a large U 33 displacement component. This result is consistent with the model inferred from the electron-diffraction data ͑Fig. 8͒. The EXAFS-derived Nb-O peak ͑Fig. 10͒ also can be fitted assuming a double-shell ͑3+3͒ Nb coordination; attempts to describe this peak using a single-shell coordination produced a significantly worse fit ͑Fig. 11͒. The Nb-O distances, R 1 = 1.905͑4͒ Å and R 2 = 2.108͑6͒ Å and their associated Debye-Waller factors, 1 2 = 0.004͑1͒ and 2 2 = 0.007͑1͒ obtained from EXAFS are similar to those derived from the neutron PDF.
Thus, electron diffraction, neutron PDF, and EXAFS all indicate that the local coordination of Nb is different from that described by the average model. The data are consistent with local displacements of Nb along the ͗11Ϯ l͘ c directions ͑l Յ 1͒ so that, on average, Nb atoms are displaced along the b axis parallel to ͓110͔ c ; the z axis components of local displacements are correlated along the ͓001͔ c direction ͑Fig. 8͒. The alternating strong/weak intensities of the ͑00l͒ c diffuse sheets with l = odd and l = even ͓e.g., Fig. 7͑d͔͒ suggest the coexistence of both positive Nb-Nb and negative Nb-O displacement correlations within the ͓001͔ o ͑subscript "o" refers to the orthorhombic ͱ2a c ϫ ͱ 2a c ϫ 4a c unit cell͒ Nb-O-Nb-O chains, 21, 22 as was confirmed by our computer simulations of the diffuse scattering.
B. Structural transitions
In the present study we focused on the alleged M 1 ↔ M 2 ↔ M 3 transitions. As mentioned in Sec. I, the transitions M 3 ↔ O ↔ T ↔ C are generally well understood and are associated with modification of the octahedral tilt system ͑Fig. 3͒. The M 3 → O transition is manifested in abrupt changes in the orthorhombic lattice distortion and the disappearance of the superlattice reflections hk 1 4 l c . In the O-phase, all Nb cations reside on the ideal fixed-coordinate positions, whereas Ag atoms occupy two nonequivalent sites having variable y coordinates.
Diffraction Studies
In situ heating/cooling electron-diffraction experiments confirmed that the reflection conditions resulting from the symmetry glide planes b and c in the Pbcm space group are closely obeyed up to the M ↔ O transition. Therefore, the average displacement patterns for both Ag and Nb ͑Fig. 2͒ must be maintained across the entire M-phase field. The presence of mirror planes perpendicular to the c axis ͑Fig. 1͒ could not be ascertained because the high incidence of twin and antiphase domain boundaries ͑Fig. 12͒ precluded the reliable use of convergent beam electron diffraction.
As found in previous x-ray diffraction studies, the 002 c = 220 o + 008 o reflection appeared as a single peak in the range Ϸ275 to Ϸ325°C, but split into two peaks for T Ͻ 275°C-a change that has been identified [9] [10] [11] Simulations of x-ray diffraction patterns for the Pbcm structure indicate that the intensities of most superlattice reflections ͑e.g., 313 o , 304 o ͒ are determined primarily by the Nb and Ag displacements and, therefore, can be used to . ͑Color online͒ ͑a͒ Experimental ͑red͒ and calculated ͑blue͒ atomic PDF obtained from total neutron scattering at room temperature. ͑b͒ Low-r portion of the PDF in ͑a͒. The calculated PDF corresponds to the average structure refined from the Bragg profile. The calculated PDF matches the experimental data well at larger interatomic distances ͑a͒ but evidently fails to reproduce the first Nb-O peak ͑b͒. This peak can be recovered through additional refinements of the Nb atomic coordinates and anisotropic displacement parameters ͑c͒. The refined parameters exhibit a strong preference for Nb displacements along the c axis in addition to the average b-axis displacements. This result supports the model inferred from the electron-diffraction data ͑Fig. 8͒. 
Prior to transform, the data were multiplied by the Hanning window ͑dk =1͒. Satisfactorily agreement between the experimental and calculated data was obtained by simultaneous fitting of both the Ag and Nb data sets using a model that included a two-shell Nb-O ͑3+3͒, a single-shell Nb-Ag, a singleshell Nb-Nb, a three-shell ͑3+6+3͒ Ag-O, and a two-shell Ag-Ag coordination. For each shell, an interatomic distance and its associated Debye-Waller factor were refined. Multiple-scattering contributions to the Nb EXAFS data were taken into account by introducing the Nb-O-Nb angle as an independent variable ͑this angle is determined primarily by octahedral tilting͒. We calculated multiplescattering amplitudes for the three values of the Nb-O-Nb angle and used quadratic interpolation during the fit. All refined structural parameters acquired physically reasonable values. monitor their evolution with temperature. Indeed, the temperature dependence of the combined integrated intensities for the 313 o and 304 o reflections ͑Fig. 16͒ exhibits several anomalies that can be correlated with those for the 220 o d spacing. In particular, a strong increase in the slope is observed at Ϸ275°C as well as the weak but discernible discontinuities at Ϸ200 and Ϸ75°C. Thus, the structural changes that give rise to the anomalies in the 220 o d spacings appear to involve the cation displacements.
The temperature dependencies of key average-structure characteristics obtained from the refinements using neutrondiffraction data are summarized in Fig. 17 . The angles that describe rotations of ͓NbO 6 ͔ octahedra about the b and c axes are designated as and , respectively ͑Fig. 18͒. Both angles ͓Figs. 17͑c͒ and 17͑d͔͒ as well as the displacements of Nb ͓Fig. 17͑a͔͒ and Ag1 ͓Fig. 17͑b͔͒ from their ideal positions increase on cooling. All of these characteristics exhibit discernible anomalies at Ϸ200°C. For the Ag1 displacements, additional pronounced changes are observed at Ϸ250 and Ϸ75°C. A significant distortion of the ͓NbO 6 ͔ octahedra occurs on cooling. The distortion is accompanied by the progressive contraction of the apical ͓Fig. 17͑e͒; Fig. 18͔ and expansion of the equatorial ͓Figs. 17͑f͒ and 17͑g͒; Fig. 18͒ O-O distances. This distortion increases notably below Ϸ250°C ͓Fig. 17͑e͔͒ causing anomalous changes in the temperature dependencies of both 220 and 008 d spacings. The equatorial O-O distances exhibit pronounced changes at both 250 and 200°C. The octahedral distortion correlates with the anomalous behavior of the Nb ADPs ͑Fig. 19͒: U 33 exhibits an unusual maximum at Ϸ225°C, while the ratio U 22 / U 33 decreases rapidly on cooling to 250°C but remains constant below this temperature. Thus, the anomalies in both the 220 o and 008 o d spacings near the supposed M 3 → M 2 transition ͑Ϸ250°C͒ can be attributed to the onset of octahedral distortion which, in turn, appears to be linked to changes in the anisotropy of the Nb ADPs. The average Nb-O distances in the ab plane exhibit anomalies at 200 and 75°C which are consistent with the behavior of the average Nb displacements ͑Fig. 20͒. The dependence of the Nb-O distances along the c axis on temperature was weak and noisy because of the relatively large standard error for the z-axis component of the Nb displacements. For the Ag2 sublattice, the most significant effect is observed for the U 22 component ͓Fig. 17͑h͔͒ which drops sharply below 100°C thereby suggesting a partial displacive ordering on these sites.
Electron diffuse scattering exhibits a major qualitative change between 100 and 200°C manifested in the appearance of diffuse ͑h00͒ c and ͑0k0͒ c relplanes ͑Fig. 21͒ in addition to the already present ͑00l͒ c . This change in the diffuse scattering was accompanied by the drop in the integrated intensity of the superlattice reflections ͑Fig. 22͒ dominated by the cation displacements ͑e.g., neutron-diffraction studies of AgNbO 3 . 11, 23 The diffuse scattering in the form of ͕h00͖ c relplanes is still present in the O phase. Unfortunately, at temperatures around Ϸ400°C, AgNbO 3 starts to decompose under electron-beam irradiation in a TEM vacuum as manifested by the formation of nanoscale Ag precipitates. This problem has been well documented in the literature 23 and it renders any reliable TEM analyses of the high-temperature AgNbO 3 polymorphs unfeasible.
EXAFS and PDF
Consistent with the electron-and neutron-diffraction data, variable-temperature EXAFS ͑Fig. 23͒ revealed discontinuous changes for both Nb and Ag between 150 and 200°C. An additional discontinuity is observed for Ag around 350°C. Simultaneous fitting of the EXAFS data for Nb and Ag was conducted for a series of temperatures through the M-phase transitions. For all temperatures, fitting the Nb-O peak required a double ͑3+3͒ shell which suggests that this local Nb coordination is maintained even above the M ↔ O transition. Figure 24 displays a plot of the refined Nb-O distances, R 1 and R 2 , as a function of temperature. A single anomaly is observed between 150 and 200°C, as manifested in the small but significant discontinuity in the Nb-O distances on cooling; the simultaneous contraction of both the R 1 and R 2 distances on cooling implies the existence of pronounced correlations among the local Nb and O displacements. The discontinuity in the local Nb-O distances correlates with the change in electron diffuse scattering that occurs in the same temperature range.
Unfortunately, trends in the EXAFS-refined parameters for the three Ag-O coordination shells were not as systematic as those for the Nb-O because of the relatively large number of variables needed to describe the highly distorted Ag coordination; additionally, the situation is complicated by the presence of Ag on the two symmetrically distinct sites. Thus, Ag EXAFS was used only as a qualitative indicator of changes in the local Ag coordination. A concurrent effect of Nb ordering on the Ag coordination at 200°C can be ascribed to an expansion of the equatorial dimensions of the ͓NbO 6 ͔ octahedra which accompanies the Nb displacements. The anomaly near 350°C can be attributed to the M → O tilting phase transition which is expected to primarily affect the Ag coordination sphere. Fig. 16 for description͒, ͑f͒ equatorial O-O distance along the b axis ͑Fig. 16͒, ͑g͒ equatorial O-O distance along the a axis ͑Fig. 16͒, ͑h͒ U 22 component of the Ag2 atomic displacement parameters. The uncertainty for the Nb displacements in ͑a͒ is within the symbol size. Values of ͑c͒ and ͑d͒ were estimated from the oxygen coordinates. The uncertainties of these parameters are small as reflected in the low point-to-point noise of their temperature dependencies. The error bars shown for the ͉O-O͉ distances ͓͑e͒-͑g͔͒ were estimated by GSAS; the actual uncertainties appear to be much smaller as inferred from the low point-to-point noise in the temperature dependencies of these distances.
As found using EXAFS data, the Nb-O double peak in the neutron PDF collected at several temperatures across the M-phase field is consistent with a Ϸ͑3+3͒ Nb coordination ͑Fig. 25͒. Likewise, the PDF-derived ⌬R = R 1 -R 2 values and the D-W factors agree well with those obtained from EX-AFS. The reproducibility of the present neutron PDF data was not sufficient to ascertain small ͑Ϸ0.02 Å͒ discontinuities in the temperature trends of interatomic distances as suggested by EXAFS measurements. A reliable comparison of the coordination numbers as a function of temperature using a Gaussian fit to the Nb-O peak also was hindered by the small yet significant variances in the low-r ripples among the different data sets ͑Fig. 25͒. Nevertheless, the PDF data ͑Fig. 25͒ revealed a noticeable systematic change for the Ag-Nb peak that appears single for T Ͻ 125°C but splits into a doublet for T Ͼ 125°C; this change was not evident in EXAFS data ͑Fig. 23͒. Simulations indicate that the r-space resolution for the Ag EXAFS data, where the Ag-Nb peak is well isolated from the other coordination shells, might have been insufficient to observe this split. The split disappears near the temperature at which, according to Rietveld refinements, some ordering of the Ag2 displacements occurs.
IV. DISCUSSION
Overall, our results indicate the existence of intricate coupling between octahedral-tilting and local displacements of both Ag and Nb. These interactions trigger a series of changes in the cation displacements across the M-phase field. The coupling appears to be stronger for the ͓NbO 6 ͔ tilting about the c axis, and all major average-structure effects occur in the ab plane.
The presence of three sets of ͕100͖ c diffuse relplanes in the O phase, combined with EXAFS data, suggest that the Nb cations exhibit local off-center displacements above the M ↔ O transition while still residing, on average, at their ideal fixed-coordinate positions. In a cubic perovskite structure, a superposition of the three sets of orthogonal ͗001͘ c chain-correlated displacements which give rise to diffuse Fig. 15͑e͒-15͑g͒ , whereas the Nb-O distances are displayed in Fig. 18 . sheets in diffraction is equivalent to local B-cation displacements along one of the eight ͗111͘ c directions. Such eightsite displacive disorder reportedly occurs in the cubic phases of BaTiO 3 and KNbO 3 . 20 Our local-structure data for AgNbO 3 can also be interpreted by assuming a similar model for Nb displacements in the O phase. Conceivably, this eightsite displacive disorder is present even in the highertemperature T and C polymorphs of AgNbO 3 , but verification of this was beyond the scope of the present study.
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The O → M phase transition, accompanied by the onset of along the ͗103͘ c orientation. For T Ͼ 175°C, two sets of diffuse streaks ͑i.e., vertical and horizontal͒ were observed, whereas for T Ͻ 175°C one of these sets ͑horizontal͒ largely disappeared. A three-dimensional ͑3D͒ reconstruction of the changes in the diffuse intensity distribution is illustrated by the schematic drawing of the reciprocal lattice. The diffuse intensity sheets are highlighted. Around 400°C, the superlattice reflections hk 
+ ͒ octahedral tilting are replaced by the diffuse streaks ͑outlined using a dotted line͒. Numerous random spots and a ring that appear in the diffraction pattern at this temperature arise from precipitation of the nanoscale metallic Ag. The intensity of the 218 o reflection indicated using red arrows is determined primarily by the cation displacements. The temperature dependence of the intensity of this reflection is shown in Fig. 20 . broad temperature range as inferred from the presence of the three sets of diffuse-scattering sheets down to Ϸ175°C. As the ordering progresses, Nb still remains distributed among the eight sites but the site occupancies become nonequal ͑Fig. 26͒. The Pbcm symmetry, imposed by tilting, restricts average Nb displacements to the patterns depicted in Fig. 1 . According to our model, the Nb cations in the c layers I and II preferentially occupy two ͑out of eight͒ sites displaced along the ͓11l͔ and ͓11l͔ ͑l Յ 1͒ directions, whereas those in the c layers III and IV favor sites displaced along the ͓11l͔ and ͓11l͔; yet, the occupancy probabilities for the other six sites in each layer remain nonzero ͑Fig. 26͒.
The anomalous behavior of the U 33 parameter for Nb ͑Fig. 19͒ can be interpreted by assuming a gradual rotation of the local atomic displacements below T Ϸ 250°C; that is, the l index for the ͓11l͔ displacement direction decreases with decreasing temperature. This rotation of the Nb displacements is consistent with the more rapid contraction of the apical distances and expansion of the equatorial distances for T Ͻ 250°C. Such enhanced distortion of the ͓NbO 6 ͔ octahedra appears to be responsible for the anomalies in the 220 o and 008 o d spacings which have been associated with the M 2 ↔ M 3 transition. Rotation of the displacement directions, as suggested by our data, also fits the so-called "spherical model" previously proposed to describe the behavior of B-cation displacements in perovskite-like zirconates. 24 For T Ͻ 175°C, both the ͑h00͒ c and ͑0k0͒ c sets of diffuse relplanes essentially disappear, signifying a transition from eight-to-two-site Nb disorder in each c layer, as illustrated in Fig. 26 . Note that the average Pbcm symmetry is maintained upon this change. The evolution of the diffuse scattering on cooling in AgNbO 3 resembles the consecutive disappearance of the ͑h00͒, ͑0k0͒, and ͑00l͒ diffuse sheets in BaTiO 3 and KNbO 3 upon their series of the cubic→ tetragonal → orthorhombic→ rhombohedral phase transitions. 20 The ordering of Nb displacements appears to affect both the oxygen and Ag sublattices. The coupling between the Nb and Ag sublattices presumably occurs through the oxygen atoms. According to our results, the progressive increase in the average Nb displacements on cooling is accompanied by expansion of the ͓NbO 6 ͔ octahedra in the ab plane which affects the Ag coordination and enhances the magnitude of octahedral rotations. Concurrently, octahedral tilting brings the centers of the ͓NbO 6 ͔ octahedra closer together, which increases the repulsive forces between the Nb-Nb and Nb-Ag next-nearest neighbors and may also support expansion of the ͓NbO 6 ͔ units. A balance between these two effects determines the overall changes in the lattice parameters. The exact reasons for the expansion of both equatorial dimensions in the ͓NbO 6 ͔ octahedra remain unclear and deserve theoretical investigation.
Our results combined with the previously published data on KNbO 3 and NaNbO 3 suggest a general tendency for Nb ͑Color online͒ Schematic for the Nb order-disorder behavior as a function of temperature. In the O phase, Nb atoms occupy ideal average positions but are locally disordered among the eight sites displaced along ͗11l͘ c ͑l Յ 1͒ directions. In the M phase, the Nb cations become partially ordered with average displacements along the b axis. Locally, above T f Ϸ 175°C, Nb still remains distributed among the eight sites but the site occupancies become nonequal as indicated using differently sized spheres. In particular, the Nb cations in the c layers I and II preferentially occupy two sites displaced along the ͓11l͔ and ͓11l͔ directions, whereas those in the c layers III and IV favor sites displaced along the ͓11l͔ and ͓11l͔. The occupancy probabilities for the other six sites decrease gradually with decreasing temperature and vanish below T f . disorder in ANbO 3 perovskites over sites displaced off center
